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Summary. The paper presents the results of measurements of selected mechanical properties of precooked pasta
made from maize flour using variable parameters of extrusion-cooking process. The different level of water ad-
dition to maize flour was used due to the moisture content from 30 to 34%. Processing of maize pasta products
was performed at the temperature ranged 80-100°C on single-screw modified extrusion-cooker TS-45 with L/D =
18:1 using a differentiated screw speed: 60, 80, 100 and 120 rpm. Depending on the screw speed and the dough
moisture content selected tensile properties and extension characteristics of hydrated products by elongation tests
of precooked maize pasta products were determined. A higher screw speed and moisture content lowered load at
tensile strength and increased extension at break during elongation tests. Similar tendencies were observed for
tensile strain at break and tensile strain at tensile strength. Precooked maize pasta due to its acceptable texture
and tensile properties may be an attractive product for consumers on a gluten-free diet.

Key words: extrusion-cooking, maize pasta, gluten-free pasta, extension, tensile.

INTRODUCTION

In recent years, the world is constantly increasing the production of pasta products from
raw materials other than flour and semolina flour such as rice, corn, barley, oats, fortified com-
pound additives (Jurga, 2002). In the production of traditional pasta, the high level of addition
of these raw materials to semolina or wheat flour results in deteriorating of gluten structure and
decreases the physical properties of pasta products. It may occur that the reduction of the strength
and plasticity of wet forms of pasta during pressing will industrially increase their stickiness and
dry matter loss during cooking. Therefore, in conventional, industrially manufactured pasta, an ac-
ceptable addition of high-starchy raw materials to wheat flour or semolina pasta or noodles should
not be higher than 10%. Application of extrusion-cooking to pasta processing give the possibili-
ties to use many different raw materials, also gluten-free, for precooked or instant pasta (Huber
1998, Li Vasanthan 2003, Wang 1999, Wojtowicz 2008, 2010, Wéjtowicz Mitrus 2010, Wojtowicz
Moscicki 2009)
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Preparation of gluten-free pasta is a challenging task for the food technologist, because of
the lack of gluten which is formed when wheat is used as the starting material (Bryant et al., 2001).
Gluten is the main contributor to dough development during mixing and extrusion, and thus pre-
vents disaggregation of pasta during cooking in boiling water. It has been suggested that the lack
of gluten can be overcome by blending pre-gelatinized starch or corn flour before adding water, or
by gelatinizing some of the starch during mixing or extruding. Extrusion is a suitable process for
producing snack foods for consumers with celiac disease, as starch is the main component provid-
ing the desirable expanded structure in the final product (Camire 1990, Ding 2005, Wojtowicz
2011). In the formulation of gluten-free pasta, it has been suggested that the production process
should be altered, for example by pre-gelatinizing the gluten-free starch during mixing or extrud-
ing to denature the protein and protect the starch from rupturing during cooking (Charutigon 2008,
Chillo 2007, Gallager 2008 Lai 2001).

The only effective way for treating celiac disease is a strict adherence to a gluten-free diet,
the patients are not allowed to eat any bread, cereal or other food made with wheat, rye, barley,
triticale and oat flour or ingredients, or by-products made from those grains, processed foods that
contain wheat and gluten-derivatives as thickeners and fillers, for example hot dogs, salad dressings,
canned soups/dried soup mixes, processed cheese, cream sauces, and medications that use gluten
as pill or tablet binders (Niewinski 2008). Gluten removal results in major problems for processing
and many gluten-free products available on the market are of low quality, exhibiting poor mouthfeel
and flavor. This presents a major challenge to the cereal technologist to search for alternatives to
gluten in the manufacture of gluten-free food products (Gallager 2004, Yoenyongbuddhagal, S.,
Noomhorm, A. 2002).

For the evaluation of mechanical properties of food products many tests may be performed
according to instrumental measurements (Raina 2005, Ross 2006). There are several methods which
have been used to measure the rheological properties of dough in extension: simple uniaxial exten-
sion, where dough is stretched in one direction; and biaxial extension, where the dough is stretched
in two opposing directions. One of the oldest and most widely used test methods to measure mate-
rial properties is the uniaxial tensile test. A strip of material is clamped at both ends and pulled
apart at a fixed rate in a suitable testing machine, and the force measured at the same time as the
displacement of the object. The force is generally plotted against the displacement (extension) to
give a force—extension curve (Dobraszczyk 2003).

Mechanical and dynamic-mechanical properties of cereal-based products have been investi-
gated by several research groups. Moreover, some model has been developed to study the relations
between cooked pasta and mechanical properties. It is known that the evolution of mechanical
parameters is related to the hydration process during cooking and overcooking as well as starch
gelatinization. In particular, the mechanical behavior is described through the changes occurring in
the elastic modulus and the tensile strength. (Cafieri et al. 2010). Elongation at break is the recorded
strain at the moment of rupture of the sample and is expressed as the elongation percentage with
respect to the original length. (Chillo 2009)

The aim of this work was an evaluation of processing parameters influence on selected me-
chanical properties of gluten-free maize precooked pasta.

MATERIALS AND METHODS

Maize flour was used in the tests (protein - 5.13%, fat - 1.4%, ash - 0.45%, fiber - 2.0%).
The raw material was moistened by proper water addition and mixed for a final dough moisture
content 30, 32 and 34%. After mixing and resting compounds were processed using the modified
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single screw TS-45 extrusion-cooker (Metalchem, Gliwice, Poland) with screw length to diameter
ratio L/D=18:1, compression ratio - 3:1, equipped with additional glycol cooling section just before
the die, at the temperature ranged from 80 to 105°C. Pasta products were shaped for threads with
application of a forming die with 12 holes 0.8 mm in diameter. Gluten-free pasta products were
processed at different screw speed at the level of 60, 80, 100 and 120 rpm. After a while, the drying
samples were stored in plastic bags before testing.

Pasta elongation was tested with Tensile Kiefer Dough and Gluten Extensibility Rig equip-
ment of Instron 5564 apparatus with head SON (Stable Micro Systems Ltd., UK). Tests were per-
formed in Food and Bioprocess Engineering Group, Wageningen University (the Netherlands).
Tension test speed 3.3 mm's" was set. Single pasta tread after 5 minutes of hot water hydration was
placed on the testing table and held under plastic cover during the test. During the tensile tests load
at break, extension at break, tensile stress at break, tensile strain at break, tensile stress at tensile
strength, and true stress at tensile strength were evaluated using computer program. Values on curves
are means of five replications.

The results were analyzed using the statistical software Statistica 6.0, examining the relation-
ships between the moisture content of raw materials and screw rpm to all the tested processing pa-
rameters. Analysis of variance was conducted at the confidence level of 95% (p=0.05), significance
of differences was assessed by Duncan’s range test.

RESULTS

The results of measurements of strength characteristics of gluten-free pasta processed at var-
ied screw speed and different moisture content of maize flour dough (30-34%) showed dependency
on both the moisture content of raw materials and screw rotations applied during the extrusion. It
was observed that increasing the moisture content of maize flour causes a significant increase in
the value of extension at break, elongation at break, and to reduce stress during stretching. In this
case, little effect was used during extrusion screw rotation of maize precooked pasta on rheological
properties determined in tensile tests. Correlation coefficients for these dependencies are shown in
Table 1.

Table 1. Correlation coefficients of rheological parameters of maize pasta, depending
on the moisture content ranged 30-34% of raw materials and the screw speed of 60-120 rpm.
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Moisture content [%] | 0,554 -0,173 0,534 -0,475 0,418 -0,605 0,253
Screw speed [rpm] 0,284 0,362 0,173 -0,309 0,217 -0,243 -0,182

The values of tensile strain at break increased with increasing screw speed applied during
extrusion-cooking of maize pasta. Similarly, the increased initial moisture content of maize flour
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resulted in the increase of the value of this parameter. Relationships between processing parameters
and tensile strain at break of maize precooked pasta are shown in Fig. 1.

Load at tensile strength measured with the use of the Kiefer Dough and Gluten Extensibility
Rig showed the lowest value of the load during extension for gluten-free pasta processed using
high-moisture dough and high screw rotational speed. However, low screw speed and the highest
moisture applied during the extrusion-cooking of maize pasta resulted in the highest value of load
at tensile strength. A similar range of results was obtained for maize pasta extruded at the highest
speed and lowest initial moisture content of maize flour. The results of measurements of load at
tensile strength are summarized in Fig. 2.

Carini et al. 2009 tested extruded and laminated pasta products. Force at rupture (maximum
force (N) required to shear the sample) in the range from 10 till 14 N were obtained for extruded
and laminated fresh pasta and extensibility (deformation at breakage (mm)) in the range from 9 ot
11 mm were obtained. The extruded pasta was characterized by higher extensibility and force at
rupture. They also tested an influence of mixing system on mechanical properties of pasta. Differ-
ent mixers affecting the physicochemical properties were observed more markedly in the extruded
than in laminated products. Fresh extruded pasta was less extensible and harder than the laminated
one (carini 2010)

Li and others (2008) tested mechanical properties of wheat protein dough and they assumed
that extensibility at rupture decreased when the glutenin, insoluble glutenin, soluble glutenin, and
glutenin macropolymer were added, and decreased systematically with increasing levels of these
fractions. However, extensibility at rupture increased when the monomeric protein, albumin-glob-
ulin, and gliadin were added, and increased systematically with increasing levels of these fractions.
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Fig. 1. Tensile strain at break during elongation test of precooked maize pasta processed
at different screw speed and initial moisture content
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Fig. 2. Load at tensile strength of precooked maize pasta processed at different screw speed
and initial moisture content during elongation test
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Fig. 3. Extension at break during elongation test of precooked maize pasta processed
at different screw speed and initial moisture content
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The values of extension at break indicate a diverse flexibility of maize pasta during the ten-
sile test. Extension at break was dependent on the screw speed used during the extrusion-cooking,
the higher the extrusion screw speed used for pasta processing, the greater extension until rupture
(Fig. 3). The smallest differences between the measurements were determined for examining of
extruded maize pasta with initial moisture content of 30%, the higher the moisture content of maize
flour was set, the greater differences in flexibility — products prepared with the highest screw speed
used during extrusion at the highest moisture content of raw materials showed the highest values
of extension, which suggested that they were the most flexible.

During the test, the true stress at tensile strain indicated the effects of extrusion screw speed
and moisture content of raw materials on the value of true stress of maize pasta - stress underwent
reduction using the low speed screw extrusion at low initial moisture content of raw materials and
at the highest screw speed and high moisture content of maize flour (Fig. 4). The most stable results,
about 1300 kPa, in assessing of this parameter, were obtained for extruded precooked maize pasta
processed with the initial moisture content of 32% - in this case there was no significant effect of
screw speed on true stress at tensile strain values.

Figure 5 presents the results of tensile stress at tensile strength evaluated for maize pasta
extruded at different extrusion screw speeds and moisture content of raw materials. It was found
that for this parameter the lowest tensile stress values were obtained for maize pasta processed at
the highest speed screw and high-moisture maize flour - 34%. Other measurements showed no
significant difference, tensile stress at tensile strength ranged from 0.53 to 0.58 MPa. This shows
a similar resistance to the stretching of maize precooked pasta.

Zardetto and others (2009) tested extruded and sheeted pasta and they observed the extruded
pasta samples were tougher than the sheet-rolled pasta. Cooking the pasta resulted in less toughness
and more hardness, and a significant increase in the extensibility of both samples.
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Fig. 4. True stress at tensile strain during elongation test of precooked maize pasta processed
at different screw speed and initial moisture content
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Fig. 5. Tensile stress at tensile strength of precooked maize pasta processed
at different screw speed and initial moisture content during elongation test

Values of tensile stress at break, evaluated in a tensile test varied depending on the screw
speed during extrusion-cooking of maize pasta and the initial moisture content of flour. Tensile stress
at break was about 6-fold higher than the tensile stress at tensile strength, the results obtained in
the study of this parameter ranged from 2.1 to 3.2 MPa. This demonstrates the high resistance of
extruded maize pasta at break. The measurement results are presented in graphical form in Figure 6.
Low resistance to breaking pasta products were only recorded for products processed at the lowest
screw speed during extrusion-cooking. The most resistant to rupture were gluten-free maize pasta
produced using 100 and 120 rpm with the initial moisture content of flour 30-32%. Low values

of tensile stress at break were observed for pasta with low tensile strain at tensile strength during
extension tests.
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Fig. 6. Tensile stress at break of precooked maize pasta processed
at different screw speed and initial moisture content during elongation test
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Fig. 7. Tensile strain at tensile strength of precooked maize pasta processed
at different screw speed and initial moisture content during elongation test
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The values of tensile strain at tensile strength of maize gluten-free pasta are illustrated in
Fig. 7. Within the results of this parameter significant differences depending on the moisture content
of raw materials and the screw speed during the extrusion-cooking of maize pasta were observed.
Smallest deformation was observed for pasta processed at the lowest moisture content of maize
flour, independently on the screw rotation, which may prove too low moisturizing of raw materials
to obtain stable structure of pasta under tension and these pasta products underwent rupture very
easy. Increasing humidity of raw materials to 32% resulted in the occurrence of larger tensile strain
depending on the extrusion speed - the higher screw speed used during the extrusion-cooking, the
higher values of tensile strain at tensile strength were obtained. The most significant differences
were observed during testing pasta processed with initial moisture of maize flour 34%, in these
products an influence of screw speed on tensile stress at tensile strength was very important.

CONCLUSIONS

The mechanical properties of precooked maize pasta processed by extrusion-cooking using
modified single screw extruder TS-45 varied, according to the processing conditions: resistance
for elongation and tensile of pasta increased with increasing screw speed during processing. It
was observed that increasing the moisture content of maize flour causes a significant increase in
the value of extension at break and tensile strain at break, and reduction of tensile stress at tensile
strength and tensile stress at break. In this case, little effect of varied screw rotations was noted on
the mechanical properties of maize precooked pasta determined in tensile tests. Precooked maize
pasta, due to its acceptable texture and tensile properties, may be an attractive product for producers
and consumers on a gluten-free diet.

Acknowledgements

This scientific work was supported by Polish Ministry of Science and Higher Education
JSfounds on science in the years 2008-2010 as a research project N N312 162334.

REFERENCES

1. Bryant, R.J., Kadan, R.S., Champagne, T.E., Vinyard, B.T., Boykin, D., 2001. Functional and
digestive characteristics of extruded rice flour. Cereal Chemistry 78, 131-137.

2. Camire, M., Camire, A., Krumhar, K., 1990. Chemical and nutritional changes in foods during
extrusion. Food Science and Nutrition, 29(1), 35-57.

3. Carini E., Vittadini E., Curti E., Antoniazzi F., Viazzani P.. Effect of different mixers on
physicochemical properties and water status of extruded and laminated fresh pasta, Food
Chemistry 122 (2010) 462—469.

4. Carini E., Vittadini E., Curti E., Antoniazzi F.: Effects of different shaping modes on physico-
chemical properties and water status of fresh pasta, Journal of Food Engineering 93 (2009)
400-406.

5. Charutigon C., Jitpupakdree J., Namsree P., Rungsardthong V., 2008. Effects of processing
conditions and the use of modified starch and monoglyceride on some properties of extruded
rice vermicelli. LWT - Food Science and Technology, 41,4, 642—651.



INFLUENCE OF EXTRUSION-COOKING PROCESS PARAMETERS 439

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Chillo S., Iannetti M., Civica V., Suriano N., Mastromatteo M., Del Nobile M.A.: A study of
the relationship between the mechanical properties and the sensorial optimal cooking time of
spaghetti, Journal of Food Engineering 94 (2009) 222-226.

Chillo, S., Laverse, J., Falcone, P.M., Del Nobile, M.A., 2007. Effect of carboxymethylcel-
Iulose and pregelatinized corn starch on the quality of amaranthus spaghetti. Journal of Food
Engineering, 83, 492-500.

Ding Q.B., Ainsworth P., Tucker G., Marson H., 2005. The effect of extrusion conditions on
the physicochemical properties and sensory characteristics of rice-based expanded snacks.
Journal of Food Engineering, 66, 283-289.

Dobraszczyk B.J., Morgenstern M.P.: Rheology and the breadmaking process, Journal of
Cereal Science 242 38 (2003) 229-245.

Gallagher E. Formulation and nutritional aspects of gluten-free cereal products and infant
foods in: Gluten-Free Cereal Products and Beverages (eds. Arendt E., Dal Ballo F.) , Aca-
demic Press, Elsevier Inc., 2008, 321-341 ISBN: 978-0-12-373739-7.

Gallagher E., Gormley T.R.. Arendt E.K.: Recent advances in the formulation of gluten-free
cereal-based products, Trends in Food Science & Technology 15 (2004) 143—152.

Huber G.R., 1998. Extrusion cooking applications for precooked pasta production, North
Dakota, USA.

Lai Hsi-Mei, 2001. Effects of rice properties and emulsifiers on the quality of rice pasta.
Journal of the Science of Food and Agriculture, 82, 203-216.

Li J.H., Vasanthan T., 2003. Hypochlorite oxidation of field pea starch and its suitability.
LiY., Zhu R., Tian J.: Influence of wheat protein contents and fractions on dough rheological
properties as determined by using a reconstitution method, Agricultural Sciences in China,
2008, 7(4): 395-404.

Moscicki L., Mitrus M., Wojtowicz A., 2007. Technika ekstruzji w przemysle rolno-
spozywczym, PWRIL, Warszawa.

Niewinski M., 2008. Advances in celiac disease and gluten-free diet. Journal of the American
Dietetic Associationl108, 4, 661-672.

Raina C. S., Sukhcharn Singh, Bawa A. S. Saxena D. C., 2005. Effect of vital gluten and gum
arabic on the textural properties of pasta made from pre-gelatinised broken rice flour, Food
Science and Technology International, 11, 433-442.

Ross A., 2006. Instrumental measurement of physical properties of cooked Asian wheat flour
noodles. Cereal Chemistry, 83(1), 42-51.

Wang N., Bhirud P., Sosulski F., Tyler R., 1999. Pasta — like product from pea flour by twin
— screw extrusion. Journal of Food Science, 4, 671-678.

Wojtowicz A. 2010 Btyskawiczne makarony bezglutenowe — charakterystyka cech uzytkowych
i tekstury, w: Wplyw procesdw technologicznych na wlasciwosci materiatoéw i surowcow
roslinnych, red. Witrowa-Rajchert D., Lenart A., Rybczynski R., Wydawnictwo Naukowe
FRNA, Komitet Agrofizyki PAN, Lublin, 2010, 117-134, ISBN 978-83-60489-17-8.
Wojtowicz A., 2007. Effect of monoglyceride and lecithin on cooking quality of precooked
pasta. Polish Journal of Food and Nutrition Sciences, 57, 3A, 157-162.

Woéjtowicz A.: 2011. Precooked pasta in: Extrusion-Cooking Techniques. Applications, Theory
and Sustainability (eds. Moscicki L), Wiley-VCH, Weinheim, Germany, ISBN 978-3-527-
32888-8.

Wojtowicz, A. 2008. Influence of legumes addition on proceeding of extrusion-cooking pro-
cess of precooked pasta. TEKA Commision of Motorization and Power Industry in Agricul-
ture, 8a, 209-216.



440 Agnieszka Wojtowicz

25.  Woéjtowicz, A., Mitrus, M. 2010. Effect of whole wheat flour moistening and extrusion-
cooking screw speed on the SME process and expansion ratio of precooked pasta products,
TEKA Commision of Motorization and Power Industry in Agriculture, 2010, 10, 517-526.

26. Wojtowicz, A., Moscicki, L. (2009). Influence of extrusion-cooking parameters on some
quality aspects of precooked pasta-like products, Journal of Food Science, 74(5), E226-233.

27.  Yoenyongbuddhagal, S., Noomhorm, A. 2002. Effect of raw material preparation on rice
vermicelli quality, Starch/Starke, 54, 534-539.

28.  Zardetto S., Dalla Rosa M.: Effect of extrusion process on properties of cooked, fresh egg
pasta, Journal of Food Engineering, 92, 1, 2009, 70-77.

WPLYW PARAMETROW PROCESU EKSTRUZJI NA WYBRANE WLASCIWOSCI
MECHANICZNE PODGOTOWANYCH MAKARONOW KUKURYDZIANYCH

Streszczenie. W artykule przedstawiono wyniki pomiaréw wybranych wlasciwosci mechanicznych makaronow
blyskawicznych z maki kukurydzianej przy zmiennych parametrach procesu ekstruzji. Zastosowano zroéznicowa-
ny dowilzania maki kukurydzianej do zawartosci wilgoci od 30 do 34%. Ekstruzj¢ produktow makaronowych
z kukurydzy przeprowadzano w temperaturze 80-100 ° C, na ekstruderze jednoslimakowym TS-45z L/ D =
18:1, przy uzyciu zréznicowanych predkos¢ slimaka: 60, 80, 100 i 120 obr. / min. W zaleznosci od szybkosci
$limaka i wilgotnosci ciasta ustalono wybrane wlasciwosci wytrzymatosciowe i wlasciwosci rozciagania uwod-
nionych produktow makaronowych z kukurydzy. Wyzsza predkos¢ slimaka i wilgotnosé obniza wytrzymatosé
na obcigzenia i zwigksza ilo§¢ przerwan podczas badan rozciagania. Podobne tendencje zaobserwowano dla
napigcia przy obcigzaniu i wydtuzaniu. Wstgpnie gotowany makaron z maki kukurydzianej, ze wzgledu na
wlasciwa strukture i elastyczno$é, moze by¢ atrakcyjnym produktem dla konsumentdw na diecie bezglutenowe;j.

Slowa kluczowe: ekstruzja, makaron kukurydziany, makaron bezglutenowy, wydtuzanie, rozcigganie.



